Background {#Sec1}
==========

Tobacco smoking is a global public health problem. Cigarette smoke not only affects smokers but also contributes to the health problems of nonsmokers \[[@CR1]\]. Birthweight in the short term increases when the frequency of parental smoking decreases; in the long term it increases when maternal health and nutrition improve \[[@CR2]\]. Low birthweight (LBW) is associated with increased morbidities and mortalities in neonates. Preterm birth also leads to several complications, such as respiratory distress, feeding intolerance, and below-normal neurodevelopment \[[@CR3]\].

Many chemicals in maternal smoking and second-hand smoke pass from the pregnant woman to the fetus through the placenta \[[@CR4],[@CR5]\]. Nicotine, the most important component of tobacco, is present in the placenta at a 15% higher concentration than in maternal blood. Carbon monoxide in smoke can affect the baby's growth and can lead to low birthweight \[[@CR6]\]. Maternal active smoking during pregnancy induces birthweight decreases \[[@CR7]-[@CR9]\] and significantly increases the risk of LBW and preterm birth \[[@CR10],[@CR11]\]. Additionally, when maternal and paternal cigarette consumption during pregnancy has been specifically evaluated relative to its association with birthweight and gestational age, the results are mixed. Many studies showed a significant decrease in the birthweight of their children among smoking fathers \[[@CR11]-[@CR16]\], while others demonstrated that paternal smoking did not decrease birthweight \[[@CR17]\]. Some studies have suggested that the associations between paternal smoking with LBW and with preterm birth infants were insignificant \[[@CR17]-[@CR19]\].

The National Socio-Economic Survey and Basic Health Research, a series of population-based surveys in Indonesia, revealed that smoking prevalence among adults 15 years or older has increased from 26.9% in 1995, 31.5% in 2001, 34.4% in 2004, 34.2% in 2007 to 34.7% in 2010. This largely reflects an increasing smoking prevalence among males, from 53.4%, 62.2%, 63.1%, 65.6% to 65.9% during this period. As smoking among adult males has been steadily increasing, so too has consumption among women, from 1.7%, 1.3%, 4.5%, 5.2% to 4.2%, with almost a 300% increase from 1.3% in 2001 to 5.2% in 2007 \[[@CR20]-[@CR22]\]. Smoking prevalence rates in rural areas were higher than those in urban areas for both female and male adults \[[@CR23]\]. If these smoking behaviors in female adults during pregnancy increase, the continued rise will inevitably lead to a further increase in the already high burden of birth outcomes on their children. This shows an urgent need to take action so as to reduce the prevalence of smoking.

In Indonesia, health disparities across the urban--rural gradient exist. Rural residents compared to urban, have poorer health outcomes and is one of influencing factors contributing to health inequalities in Indonesia \[[@CR24]\]. Urban--rural disparities in adverse birth outcomes have been suggested including smoking behaviors \[[@CR25],[@CR26]\]. In this study our primary objective was to evaluate the associations of existence of parental smoking and amount of parental smoking during pregnancy with the birth outcomes of their children of different residence.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

This study involved secondary analysis from Indonesia Family Life Survey (IFLS), the first national prospective longitudinal cohort study in Indonesia, collected between 1993 and 2007. The dataset are publicly available at RAND website (<http://www.rand.org/labor/FLS/IFLS.html>). The author granted access to the dataset by registering for access to the IFLS data download link. The sample represents about 83% of the Indonesian population, covering 13 major provinces out of a total of 27 provinces \[[@CR27]\]. The IFLS randomly selected 321 enumeration areas (EAs) within each of the 13 provinces chosen from a nationally representative sample frame used in the 1993 SUSENAS, a socioeconomic survey. The SUSENAS frame, designed by the Indonesian Central Bureau of Statistics (BPS), was based on the 1990 census. Of the 7,730 households sampled, a complete interview was obtained for 7,039 households or 91.1 percent of households. In a household, two children aged 0 to 14 years were randomly selected. The eligible children included all biological, step or adopted children of the household head and spouse, as well as any children fostered to any adult in the household.

Ethical oversight {#Sec4}
-----------------

The survey and its procedures were properly reviewed and approved by IRBs in the USA (at RAND) and in Indonesia, at Gajah Mada University (UGM) and earlier at University of Indonesia (UI). The relevant institutions should be able to accept the IRB approvals that were given for the surveys by RAND, UGM and UI and does not need to review any documents.

Measurement {#Sec5}
-----------

Parental smoking during pregnancy and birth outcomes were quantified between 1993 and 2007, using Indonesia Family Life Survey database. Parents with children aged 0 to 5 years gave information regarding their smoking habits, socioeconomic status, and pregnancy history and birth outcomes. There were 3,789 liveborn infants. Of these births, missing data included: birthweight 553 (14.6%) births and gestational age 553 (14.6%) births. These births were excluded from the study. In birth outcomes variables (birthweight and gestational age), 553 observations had missing data and were not included in the analysis. LBW means a birthweight of \<2500 g, and preterm delivery was defined as a gestational age of \<37 weeks.

Prenatal parental smoking was based on self-reported parental smoking history. The relevant questions were asked for mother and father separately, such as "Have you had the habit of smoking cigarettes? \[Yes/no\]". "Do you still have the habit of smoking cigarettes or have you totally quit? \[Still going on/have quit\]". We then constructed two variables: (a) paternal smoking status and (b) maternal smoking status. Each variable was classified into smokers, quitters, and non-smokers. To get information about the paternal and maternal smoking status during pregnancy, we pieced together information on "At what age (years) did you start to smoke cigarettes on a regular basis?" and "How long (years, months, weeks) have you totally quit from smoking cigarettes?" From the first question, we obtained information on whether the father or mother who smoked was smoking during pregnancy, by simultaneously looking at the age they began to smoke, their age, and their child's age. From the second question, we obtained information on whether the father or mother who quit smoking smoked during pregnancy, by simultaneously looking at the duration of quitting smoking and their child's age. We then constructed two variables: (a) paternal smoking during pregnancy and (b) maternal smoking during pregnancy. We classified each variable into smokers and non-smokers. We then combined paternal and maternal smoking during pregnancy into one key explanatory variable called "parental smoking during pregnancy", which was categorized into: (a) neither parent smoked, (b) only the father smoked (paternal smoking), (c) only the mother smoked (maternal smoking); and (d) both parents smoked.

For parental smoking amount, the question was asked for mother and father separately, such as "How much do/did you approximately consume now/before totally quitting? \[Total amount in cigarettes a day\]". We then constructed two variables: (a) paternal smoking amount and (b) maternal smoking amount. We classified paternal smoking into: (a) none, (b) 1-10 cigarettes/day, (c) 11-20 cigarettes/day, and (d) \>20 cigarettes/day. Due to the small percentage of mothers who smoked \> 10 cigarettes/day, maternal smoking amount was classified into three categories only: (a) none, (b) 1-10 cigarettes/day, and (c) \>10 cigarettes/day. We then combined paternal and maternal smoking amount into one key variable called "smoking amount in both parents". We considered three categories: (a) none, (b) 1-20 cigarettes/day, and (c) \>20 cigarettes/day.

Potential covariates and effect measure modifier {#Sec6}
------------------------------------------------

We considered the following as covariates for birthweight and gestational age: sex of infant (boy and girl), birth order (1, 2 or 3, and 4 or more), maternal age at delivery (\<21, 21-34, and \>34 years), father's education (none, elementary, junior high school, senior high school, and post-graduate), maternal employment status (not working and working), parental BMI (both parents \<25 kg/m^2^, only mother ≥ 25 kg/m^2^, only father ≥ 25 kg/m^2^, and both parents ≥25 kg/m^2^), household income (lowest, middle, highest), and residence (urban and rural). The information about the father's education, maternal employment status, parental BMI, household income, and residence were obtained after the child was born. We used those variables as covariates for birthweight and gestational age because we assumed that those variables did not exhibit much difference before and after the child was born.

Statistical analyses {#Sec7}
--------------------

We performed all statistical analyses using SPSS 20.0 and SAS 9.3 for Windows. We used Chi-squared tests to test for differences between parental smoking during pregnancy for each individual and family characteristic. Using multivariable linear regression, controlling for covariates, we assessed the relationships of parental smoking during pregnancy with continuous outcomes (birthweight and gestational age). Multiple logistic regression analyses controlled for covariates estimated the odds ratios (ORs) and 95% confidence intervals of LBW and preterm birth. To evaluate the functional relation between birth outcomes as a continuous and binary dependent variable and parental smoking amount, we applied a Generalized Additive Model (GAM). The models were adjusted for birth order. By default, the smoothing parameter for each B-spline term is chosen to yield four degrees of freedom. We set the statistical threshold for significance at 0.05.

Sensitivity analyses {#Sec8}
--------------------

For sensitivity analyses, we re-ran the analyses to assess whether the birth outcomes results related to parental smoking would change substantially if we included/omitted adjustment to various covariates and interactions to ensure that they produce approximately the same results. We also tested the final model by including/omitting adjustment to various covariates to the stratified analysis. We found that a stratified model is sensitive to maternal age in the rural area but not in urban area.

Results {#Sec9}
=======

Table [1](#Tab1){ref-type="table"} presents the distribution of basic characteristics of the participants and their families by parental smoking during pregnancy. Significant differences among parental smoking during pregnancy were identified for birth order, maternal age at delivery, father's education, maternal employment, parental BMI, household income, and residence. We found the percentage of nonsmoking parents, paternal smoking, maternal smoking and both parents smoking during pregnancy to be 23.5%, 71.5%, 2.4%, and 2.7%, respectively. Compared to infants born to nonsmoking parents, infants born to smoking fathers were more likely to be born after the third child (26.8%); born to a mother younger than 21 years old (11.0%), a non-educated father (16.7%), or an unemployed mother (54.7%); born to parents both having a BMI \< 25 kg/m^2^ (79.9%), a low income family (24.9%) or in a rural area (58.7%). We found similar results for infants born to smoking mothers and parents who both smoke (see Table [1](#Tab1){ref-type="table"}).Table 1**Participants and their family characteristics and parental smoking during pregnancyCharacteristicNeither parent smokedOnly father smokedOnly mother smokedBoth parents smoked*P*n (%)n (%)n (%)n (%)**Sex of infant0.135   Boy408 (51.3)1220 (50.9)43 (51.2)89 (61.0)   Girl388 (48.7)1176 (49.1)41 (48.8)57 (39.0)Birth order0.001   1201 (29.3)544 (25.4)17 (23.9)15 (18.3)   2 or 3311 (45.3)1022 (47.8)32 (45.1)28 (34.1)   4 or more175 (25.5)574 (26.8)22 (31.0)39 (47.6)Maternal age at delivery\<0.001   \<21years67 (9.8)235 (11.0)17 (25.0)7 (8.6)   21 -- 34 years594 (87.2)1834 (86.1)46 (67.6)66 (81.5)   \>34years20 (2.9)61 (2.9)5 (7.4)8 (9.9)Father's education\<0.001   None126 (16.6)380 (16.7)19 (23.5)33 (22.9)   Elementary285 (37.6)1169 (51.3)27 (33.3)73 (50.7)   Junior high105 (13.9)300 (13.2)8 (9.9)22 (15.3)   Senior high152 (20.1)309 (13.6)19 (23.5)12 (8.3)   Post-graduate89 (11.8)121 (5.3)8 (9.9)4 (2.8)Maternal employment0.015   Not working388 (53.0)1224 (54.7)37 (48.7)45 (39.8)   Working344 (47.0)1015 (45.3)39 (51.3)68 (60.2)Parental BMI\<0.001   Both parents \< 25 kg/m^2^510 (74.5)1703 (79.9)52 (73.2)68 (84.0)   Only mother ≥ 25 kg/m^2^83 (12.1)268 (12.6)7 (9.9)12 (14.8)   Only father ≥ 25 kg/m^2^66 (9.6)126 (5.9)8 (11.3)0 (0.0)   Both parents ≥ 25 kg/m^2^26 (3.8)35 (1.6)4 (5.6)1 (1.2)Household income0.001   Q1 (lowest)119 (17.8)504 (24.9)12 (18.2)23 (26.4)   Q2 (middle)391 (58.6)1154 (57.1)43 (65.2)43 (49.4)   Q3 (highest)157 (23.5)364 (18.0)11 (16.7)21 (24.1)Residence\<0.001   Urban401 (50.4)990 (41.3)41 (48.8)43 (29.5)   Rural395 (49.6)1406 (58.7)43 (51.2)103 (70.5)

Birth order, maternal age at delivery, maternal employment status, parental BMI, and residence were significantly associated with parental smoking during pregnancy. Table [2](#Tab2){ref-type="table"} shows that after adjusting for the covariates, we found the mean birthweight to be significantly associated with paternal and maternal smoking. Newborns of parents with a nonsmoking father and smoking mother had a mean birthweight of 136 lower than that of newborns of nonsmoking parents. Infants born to smoking parents decreased 84 g, on an average, though this result was not statistically significant (p = 0.096). With the baseline of nonsmoking parents, the odds ratios for paternal smoking (OR = 0.89), maternal smoking (OR = 2.58), and both parents smoking (OR = 2.37) did not show an association with a risk of LBW.Table 2**Parental smoking during pregnancy correlated with birthweight (g) and low birthweightLinear regressionLogistic regressionBirthweight*p*Low birthweight*p*Mean ± SEOR (95% CI)**Parental smoking during pregnancy^a^   Neither parent3057 ± 16.2-1.00-   Only father3094 ± 9.10.0470.89 (0.51-1.54)0.665   Only mother2921 ± 52.20.0132.58 (0.75-8.90)0.135   Both parents2973 ± 47.60.0962.37 (0.51-10.92)0.270Paternal smoking amount^b^   None3051 ± 16.2-1.00-   1-10 cigarettes/day3108 ± 14.20.0090.81 (0.58-1.14)0.230   11-20 cigarettes/day3094 ± 14.10.0440.66 (0.46-0.94)0.022   \>20 cigarettes/day2900 ± 28.8\<0.0012.09 (1.38-3.17)\<0.001Maternal smoking amount^b^   None3085 ± 8.7-1.00-   1-10 cigarettes/day2968 ± 51.20.0251.66 (0.84-3.27)0.144   \>10 cigarettes/day2734 ± 76.4\<0.0014.07 (1.88-8.82)\<0.001Smoking amount in both parents^b^   None3067 ± 16.9-1.00-   1-20 cigarettes/day3095 ± 10.00.1540.95 (0.69-1.31)0.747   \>20 cigarettes/day2911 ± 26.4\<0.0012.24 (1.47-3.41)\<0.001Note. SE = standard error; OR = odds ratio; CI = confidence interval.^a^Adjusted for birth order, maternal age at delivery, maternal employment, parental BMI, and residence.^b^Adjusted for birth order.

Due to small percentage of mothers who smoked and both parents who smoked, we only put birth order as a covariate for the association between parental smoking amount and birth outcomes of their children. The association between paternal smoking amount and birthweight was evident in the group of fathers who smoked \>20 cigarettes/day, with a 151 g decrease in birthweight. The association of the maternal smoking amount with birthweight and risk of LBW appeared to be dose-dependent. All infants of the maternal smoking groups had lower birthweights, ranging from 117 g (1-10 cigarettes/day) to 351 g (\>10 cigarettes/day). The largest estimate of association between the smoking amount in both parents and birthweight was among parents who smoked \> 20 cigarettes/day (combined), with an average birthweight decrease of 156 g. The fathers who smoked \>20 cigarettes/day had a significantly higher risk of having LBW infants than those fathers who did not smoke (OR = 2.09, 95% CI \[1.38, 3.17\], *p* \< 0.001). Mothers who smoked \> 10 cigarettes per day had a significant fourfold increase in LBW risk compared with nonsmoking mothers (OR = 4.07, 95% CI \[1.88, 8.82\], *p* \< 0.001). Compared with the nonsmoking parents, the risk of LBW significantly increased in for parents who (combined) smoked \>20 cigarettes/day (OR = 2.24, 95% CI \[1.47, 3.41\], *p* \< 0.001).

Table [3](#Tab3){ref-type="table"} shows that after adjusting for the covariates, we found infants with smoking mothers and those with both parents smoking to have significantly shorter at gestational ages than those with nonsmoking parents. Newborns of parents with nonsmoking fathers and smoking mothers were born at a significant deficit, 0.96 weeks sooner than that of newborns of nonsmoking parents. Infants born to both smoking parents were born 0.58 weeks sooner, on average, than those born to nonsmoking parents (*p* = 0.006). Compared with the nonsmoking parents, children with smoking mothers were 3.37 times more likely to be born at preterm gestation (OR = 3.37, 95% CI \[1.58, 7.19\], *p* = 0.002). Children with smoking parents were 3.10 times more likely to be born at preterm gestation than those with nonsmoking parents (OR = 3.10, 95% CI \[1.37, 7.04\], *p* = 0.007).Table 3**Parental smoking during pregnancy correlated with gestational age (weeks) and preterm birthGestational age*p*Preterm birth*p*Mean ± SEOR (95% CI)**Parental smoking during pregnancy^a^   Neither parent39.79 ± 0.1-1.00-   Only father39.75 ± 0.10.5951.16 (0.78-1.71)0.470   Only mother38.83 ± 0.2\<0.0013.37 (1.58-7.19)0.002   Both parents39.21 ± 0.20.0063.10 (1.37-7.04)0.007Paternal smoking amount^b^   None39.64 ± 0.1-1.00-   1-10 cigarettes/day39.93 ± 0.1\<0.0010.51 (0.34-0.75)0.001   11-20 cigarettes/day39.76 ± 0.10.1440.78 (0.55-1.11)0.163   \>20 cigarettes/day39.20 ± 0.10.0012.11 (1.38-3.23)0.001Maternal smoking amount^b^   None39.78 ± 0.1-1.00-   1-10 cigarettes/day39.06 ± 0.2\<0.0012.68 (1.45-4.95)0.002   \>10 cigarettes/day38.77 ± 0.3\<0.0015.54 (2.61-11.76)\<0.001Smoking amount in both parents^b^   None39.73 ± 0.1-1.00-   1-20 cigarettes/day39.82 ± 0.10.2310.86 (0.61-1.20)0.373   \>20 cigarettes/day39.26 ± 0.1\<0.0012.30 (1.49-3.56)\<0.001Note. SE = standard error; OR = odds ratio; CI = confidence interval.^a^Adjusted for birth order, maternal age at delivery, father's education, household income, and residence.^b^Adjusted for birth order.

The association between the paternal smoking amount and gestational age was evident in the group of fathers who smoked \>20 cigarettes/day, with a significantly decrease in gestational age (0.44 weeks). The association of maternal smoking amount with gestational age and the risk of preterm birth appeared to be dose-dependent. The maternal smoking group had shorter gestational ages, ranging from 0.72 weeks (1-10 cigarettes/day) to 1.01 weeks (\>10 cigarettes/day). The largest estimated association between the smoking amount in both parents and gestational age was found in the group of \>20 cigarettes/day, with a significant decrease in gestational age (0.47 weeks). The association between paternal smoking and preterm birth was more obvious in infants whose fathers smoked \>20 cigarettes/day (OR = 2.11, 95% CI \[1.38, 3.23\], *p* = 0.001). The risks of preterm birth were significantly higher in mothers who smoked 1-10 cigarettes per day (OR = 2.68, 95% CI \[1.45, 4.95\], *p* = 0.002) and \>10 cigarettes per day (OR = 5.54, 95% CI \[2.61, 11.76\], *p* \< 0.001). With the nonsmoking group as the baseline, the risk of preterm birth increased with the number of cigarettes smoked daily for both parents \> 20 cigarettes/day (OR = 2.30, 95% CI \[1.49, 3.56\], *p* \< 0.001).

From the stratified analyses in Table [4](#Tab4){ref-type="table"}, after adjusting for the covariates, mean birth weight was significantly associated with both parents smoking in urban area and maternal smoking in rural area. The mean birth weight of infants born to smoking fathers was 60 g higher (*p* = 0.053) in urban area and 16 g higher (*p* = 0.168) in rural area than that of infants born to nonsmoking parents. The mean birth weight of infants born to smoking mothers was 14 g lower (*p* = 0.878) in urban area and 262 g lower (*p* \< 0.001) in rural area than that of infants born to nonsmoking parents. The mean birth weight of infants born to smoking parents was 186 g lower (*p* = 0.049) in urban area and 28 g lower (*p* = 0.608) in rural area than that of infants born to nonsmoking parents. However, no significant associations were found between LBW and parental smoking during pregnancy in four groups.Table 4**Parental smoking during pregnancy correlated with birth weight (g) and low birth weight, stratified by residenceUrbanRuralLinear regressionLogistic regressionLinear regressionLogistic regressionBirthweight*p*Low birthweight*p*Birthweight*p*Low birthweight*p*Mean ± SEOR (95% CI)Mean ± SEOR (95% CI)**Parental smoking during pregnancy^a^   Neither parent3062 ± 26.3-1.00-3057 ± 19.8-1.00-   Only father3122 ± 16.40.0530.58 (0.27-1.26)0.1683073 ± 10.30.4891.48 (0.67-3.28)0.332   Only mother3048 ± 86.30.8780.78 (0.08-8.12)0.8342795 ± 63.2\<0.0015.91 (0.98-35.67)0.053   Both parents2876 ± 90.60.0490.93 (0.11-7.90)0.9473029 ± 51.90.6088.77 (0.94-81.47)0.056Paternal smoking amount^b^   None3081 ± 25.2-1.00-3018 ± 20.9-1.00-   1-10 cigarettes/day3151 ± 23.40.0440.78 (0.46-1.33)0.3613074 ± 17.40.0410.79 (0.50-1.23)0.296   11-20 cigarettes/day3103 ± 26.10.5510.94 (0.55-1.60)0.8093090 ± 16.00.0060.49 (0.30-0.78)0.003   \>20 cigarettes/day2850 ± 47.4\<0.0012.89 (1.59-5.27)0.0012940 ± 35.40.0581.52 (0.85-2.71)0.160Maternal smoking amount^b^   None3105 ± 14.7-1.00-3069 ± 10.3-1.00-   1-10 cigarettes/day2913 ± 86.80.0291.41 (0.49-4.10)0.5243012 ± 61.20.3591.94 (0.80-4.69)0.143   \>10 cigarettes/day2806 ± 154.90.0551.13 (0.14-9.01)0.9052704 ± 82.1\<0.0016.23 (2.60-14.92)\<0.001Smoking amount in both parents^b^   None3078 ± 26.4-1.00-3053 ± 21.9-1.00-   1-20 cigarettes/day3127 ± 17.30.1170.87 (0.55-1.40)0.5773073 ± 11.90.4310.98 (0.62-1.53)0.911   \>20 cigarettes/day2855 ± 44.5\<0.0012.66 (1.46-4.84)0.0012954 ± 31.90.0101.90 (1.04-3.46)0.036Note. SE = standard error; OR = odds ratio; CI = confidence interval.^a^Adjusted for birth order, maternal age at delivery, maternal employment status, and parental BMI.^b^Adjusted for birth order.

The mean birth weight of infants born to fathers who smoked \>20 cigarettes/day was 231 g lower (*p* \< 0.001) in urban area and 78 g lower (*p* = 0.058) in rural area than that of infants born to nonsmoking fathers. The association of maternal smoking amount with birth weight and risk of LBW appeared to be dose-dependent in both urban and rural areas, ranging from -192 g (1-10 cigarettes/day) to -299 g (\>10 cigarettes/day) in urban area and from -57 g (1-10 cigarettes/day) to -365 g (\>10 cigarettes/day) in rural area. The mean birth weight of infants born to the smoking amount in both parents \>20 cigarettes/day were 223 g lower (*p* \< 0.001) in urban area and 99 glower (*p* = 0.010) in rural area than that of infants born to nonsmoking parents. The odds ratios (ORs) for LBW of infants born to fathers who smoked \>20 cigarettes/day were 2.89 (*p* = 0.001) in urban area and 1.52 (*p* = 0.160) in rural area, respectively. The OR for LBW of infants born to mothers who smoked \>10 cigarettes/day in urban and rural area was 1.13 (*p* = 0.905) and 6.23 (*p* = \<0.001), respectively. The ORs for LBW of infants born to the smoking amount in both parents \>20 cigarettes/day were 2.66 (*p* = 0.001) in urban area and 1.90 (*p* = 0.036) in rural area, respectively.

From the stratified analyses in Table [5](#Tab5){ref-type="table"}, after adjusting for the covariates, infants with both parents who smoked in urban area and mothers who smoked in rural area were significantly shorter at gestational age than those with nonsmoking parents. Compared to infants born to nonsmoking parents, the mean gestational age of infants born to smoking mothers was 0.62 weeks shorter (*p* = 0.086) in urban area and 1.31 weeks shorter (*p* = \<0.001) in rural area. The mean gestational age of infants born to smoking parents was 1.09 weeks shorter (*p* = 0.003) in urban area and 0.2 weeks shorter (*p* = 0.440) in rural area. The ORs for preterm birth of infants born to smoking mothers were 1.87 (*p* = 0.307) in urban area and 5.14 (*p* = 0.003) in rural area, respectively. The ORs for preterm birth of infants born to smoking parents were 4.70 (*p* = 0.002) in urban area and 1.49 (*p* = 0.638) in rural area, respectively.Table 5**Parental smoking during pregnancy correlated with gestational age (weeks) and preterm birth, stratified by residenceUrbanRuralGestational age*p*Preterm birth*p*Gestational age*p*Preterm Birth*p*Mean ± SEOR (95% CI)Mean ± SEOR \[95% CI\]**Parental smoking during pregnancy^a^   Neither parent39.69 ± 0.1-1.000-39.84 ± 0.1-1.00-   Only father39.54 ± 0.10.2191.16 (0.69-1.95)0.58239.91 ± 0.10.4821.13 (0.61-2.08)0.704   Only mother39.07 ± 0.40.0861.87 (0.56-6.18)0.30738.53 ± 0.3\<0.0015.14 (1.72-15.41)0.003   Both parents38.60 ± 0.40.0034.70 (1.74-12.73)0.00239.64 ± 0.20.4401.49 (0.28-7.82)0.638Paternal smoking amount^b^   None39.61 ± 0.1-1.00-39.66 ± 0.1-1.00-   1-10 cigarettes/day39.73 ± 0.10.3390.76 (0.46-1.26)0.28640.10 ± 0.1\<0.0010.29 (0.15-0.55)\<0.001   11-20 cigarettes/day39.56 ± 0.10.7220.96 (0.57-1.60)0.86939.88 ± 0.10.0380.68 (0.42-1.11)0.120   \>20 cigarettes/day38.90 ± 0.20.0012.80 (1.56-5.01)0.00139.45 ± 0.10.1951.60 (0.85-2.98)0.143Maternal smoking amount^b^   None39.60 ± 0.1-1.00-39.91 ± 0.0-1.00-   1-10 cigarettes/day38.62 ± 0.30.0023.11 (1.37-7.06)0.00739.41 ± 0.20.0382.16 (0.83-5.64)0.115   \>10 cigarettes/day38.85 ± 0.60.1844.34 (1.12-16.87)0.03438.74 ± 0.3\<0.0016.76 (2.73-16.77)\<0.001Smoking amount in both parents^b^   None39.64 ± 0.1-1.00-39.81 ± 0.1-1.00-   1-20 cigarettes/day39.64 ± 0.10.9740.89 (0.56-1.40)0.61539.94 ± 0.10.1670.88 (0.52-1.46)0.613   \>20 cigarettes/day38.92 ± 0.2\<0.0012.79 (1.56-4.98)0.00139.53 ± 0.10.0681.97 (1.02-3.82)0.045Note. SE = standard error; OR = odds ratio; CI = confidence interval.^a^Adjusted for birth order, maternal age at delivery, father's education, and household income.^b^Adjusted for birth order.

After adjusting for birth order, the mean gestational age of infants born to fathers who smoked \>20 cigarettes/day was 0.71 weeks shorter (*p* = 0.001) in urban area and 0.21 weeks shorter (*p* = 0.195) in rural area than that of infants born to nonsmoking fathers. The association of maternal smoking amount with gestational age appeared to be dose-dependent in rural area, but not in urban area. All infants of the maternal smoking groups had shorter gestational age, ranging from 0.75 weeks (\>10 cigarettes/day) to 0.98 weeks (1-10 cigarettes/day) in urban area and from 0.5 weeks (1-10 cigarettes/day) to 1.21 weeks (\>10 cigarettes/day) in rural area. The largest estimate effect of the smoking amount in both parents on gestational age was found among group of \>20 cigarettes/day, decreased in gestational age of 0.72 weeks (*p* \< 0.001) in urban area and -0.28 weeks (*p* = 0.068) in rural area. The ORs for preterm birth of infants born to fathers who smoked \>20 cigarettes/day were 2.80 (*p* = 0.001) in urban area and 1.60 (*p* = 0.143) in rural area, respectively. There was a dose-dependent association between maternal smoking amount and risk of preterm birth both in urban and rural areas. The ORs for preterm birth of infants born to mothers who smoked 1-10 cigarettes/day were 3.11 (*p* = 0.007) in urban area and 2.16 (*p* = 0.115) in rural area, respectively and \>10 cigarettes/day in urban and rural area were 4.34 (*p* = 0.034) and 6.76 (*p* \< 0.001), respectively. The ORs for preterm birth of infants born to both parents' smoking amount \>20 cigarettes/day were 2.79 (*p* = 0.001) in urban area and 1.97 (*p* = 0.045) in rural area, respectively.

Table [6](#Tab6){ref-type="table"} showed the nonparametric component of the model. The chi-square values indicate that for birthweight and LBW, the smoothing terms of paternal smoking amount and smoking amount in both parents are highly significant, and maternal smoking amount is not statistically significant. For gestational age and preterm birth, the chi-square values indicate that the nonparametric effect of paternal smoking amount, maternal smoking amount, and smoking amount in both parents are significant at the 5% level.Table 6**Results for estimation of Generalized Additive Model (GAM) to birth outcomes, adjusted for birth orderVariablesParameter estimatesAnalysis of devianceEstimateStandard errorChi-square*p***Birthweight   Paternal smoking amount−2.0970.90030.09\<0.001   Maternal smoking amount−16.4543.7326.140.105   Smoking amount in both parents−2.8900.89027.67\<0.001Gestational age   Paternal smoking amount−0.0100.00422.67\<0.001   Maternal smoking amount−0.0620.01411.140.011   Smoking amount in both parents−0.0130.00416.870.001Low birthweight   Paternal smoking amount0.0170.00617.75\<0.001   Maternal smoking amount0.0700.0191.180.554   Smoking amount in both parents0.0220.00612.230.002Preterm birth   Paternal smoking amount0.0210.00716.07\<0.001   Maternal smoking amount0.0880.0196.550.038   Smoking amount in both parents0.0280.00710.450.005

Figure [1](#Fig1){ref-type="fig"} graphically shows the relationships between parental smoking amount and birth outcomes as the continuous variables. The birthweight increased sharply approximately below 15 cigarettes/day (Figure [1](#Fig1){ref-type="fig"}A and [1](#Fig1){ref-type="fig"}C), decreased sharply above this number, and then shows a rapid increasing response when the smoking amount rise above 50 cigarettes/day. Figure [1](#Fig1){ref-type="fig"}B shows a sharp decreased response below approximately 10 cigarettes/day, and then a rapid increasing response above this number; however the association was not statistically significant. Figure [1](#Fig1){ref-type="fig"}D and [1](#Fig1){ref-type="fig"}F shows a modest increased response below 12 cigarettes/day, a modest decreased above this number, and then a gradual increasing response when the smoking amount rise above approximately 35 cigarettes/day. The gestational age decreased gradually with maternal smoking amount below 5 cigarettes/day (Figure [1](#Fig1){ref-type="fig"}E), increased sharply above this number, decreased sharply above 20 cigarettes/day, and then shows an increasing response when the smoking amount rise above 35 cigarettes/day.Figure 1**GAM-estimated relationships between parental smoking amount and birthweight (A-C) and gestational age (D-F), adjusted for birth order.** Note. famount = paternal smoking amount; mamount = maternal smoking amount; pamount = smoking amount in both parents.

Figure [2](#Fig2){ref-type="fig"} depicts the relationships between parental smoking amount and birth outcomes, defined as binary indicators (LBW and preterm birth). Figure [2](#Fig2){ref-type="fig"}A and [2](#Fig2){ref-type="fig"}C shows almost zero response of LBW to paternal smoking amount and smoking amount in both parents below 25 cigarettes/day, a modest increased response above this number, showing a peak at approximately 75 cigarettes/day after which the response decline. Figure [2](#Fig2){ref-type="fig"}B depicts a negative relationship between LBW and maternal smoking amount; however the association was not statistically significant. Figure [2](#Fig2){ref-type="fig"}D and [2](#Fig2){ref-type="fig"}F shows almost zero response of preterm birth to paternal smoking amount and smoking amount in both parents below 50 cigarettes/day after which the response declines. Preterm birth increases gradually with rising maternal smoking amount (Figure [2](#Fig2){ref-type="fig"}E), showing a peak at approximately 10 cigarettes/day after which the response declines. All plots become highly variable at the ends.Figure 2**GAM-estimated relationships between parental smoking amount and LBW (A-C) and preterm birth (D-F), adjusted for birth order.** The solid lines indicate the estimated mean percentage of change in birth outcomes, and the dotted lines represent 95% confidence interval. Note. famount = paternal smoking amount; mamount = maternal smoking amount; pamount = smoking amount in both parents.

Discussion {#Sec10}
==========

Associations of parental smoking during pregnancy with the birth outcomes of their children {#Sec11}
-------------------------------------------------------------------------------------------

We have presented representative population-based data concerning child birthweight and gestational age in Indonesia. Our study confirms the detrimental associations between parental smoking during pregnancy and birth outcomes. Previous studies have shown a significant birthweight decrease among infants born to smoking fathers that decrease ranging from 11-113 g \[[@CR11]-[@CR16]\]. Second-hand smoke contains many toxic chemicals that can harm an unborn baby. They are inhaling the nicotine, carcinogens, and toxic chemicals found in tobacco smoke \[[@CR4]\]. Nicotine and carbon monoxide in the blood of a pregnant woman exposed to second-hand smoke can decrease the blood flow to the unborn baby, affect the heart, lungs, digestive system, and central nervous system and may lead to low birthweight \[[@CR28]\]. However, in our study we found that paternal smoking did not decrease birthweight. This result is in line with a previous study \[[@CR17]\]. Our explanation is that fathers might choose to not smoke in the presence of their pregnant wives. Although previous studies have supported our findings and described an insignificant association of paternal smoking with LBW and preterm birth infants \[[@CR17]-[@CR19]\], current studies indicates that paternal and maternal smoking create significant adverse effects in LBW and the preterm birth of newborns.

Although the prevalence of maternal smoking was relatively low in our study, the maternal smoking groups revealed a significantly lower mean birthweight, shorter mean gestational age, and a higher risk of preterm birth than did the nonsmoking parents groups. But maternal smoking was not associated with the risk of LBW. Our finding is consistent with previous studies demonstrating that active maternal smoking during pregnancy induces birthweight and gestational age reduction \[[@CR7]-[@CR9],[@CR29],[@CR30]\]. The associations of maternal smoking during pregnancy with LBW and with preterm birth were greater and statistically significant \[[@CR10],[@CR11],[@CR31]-[@CR33]\]. Animal studies \[[@CR28]\] also demonstrate how maternal smoking affects birthweight through the effects of nicotine on fetal and placental development \[[@CR34]\]. The flow of blood between the uterus and the placenta is slowed by nicotine \[[@CR35]\], which restricts the supply of nutrients and oxygen. Smoke produces carbon monoxide, which is potent vasoconstrictors of placental vessels, combines with oxygen to carry hemoglobin to form carboxyhemoglobin, thus further restricting the supply of oxygen. A consequence of these mechanisms is lower fetal growth, which in turn can lower birthweight and increases preterm births.

The results of this study show that both parents smoking groups showed a non-significant lower mean birthweight and a higher risk of LBW than did the nonsmoking parents groups due to limited sample size. Previous reports showed that birthweight of infants was found to be further reduced if both parents smoked \[[@CR12]\]. Yerushalmy \[[@CR36]\] found that there was a significant increase in the LBW rate when both parents smoked, but not when only one parent smoked, compared with when neither smoked. The insignificant association between both parents smoking and the risk of LBW was due to low percentage of both parents smoking (2.7%) and low proportion of LBW (8.3%). In our study, compared with nonsmoking parents, both parents smoking were significantly correlated with shorter mean gestational age and a higher risk of preterm delivery. We suggested that maternal smoking is more influential than paternal smoking in relation to gestational age and preterm birth. Previous studies on maternal smoking have supported this finding \[[@CR29]-[@CR33]\] and demonstrating that maternal smoking was significantly associated with shorter gestational age and a risk of preterm birth.

Associations of parental smoking amount during pregnancy with birth outcomes on their children {#Sec12}
----------------------------------------------------------------------------------------------

In our study, paternal smoking amount played an important role on the infant birthweight, especially fathers who smoked \>20 cigarettes per day. Our value of 151 g compares well with previous studies demonstrating that newborns of nonsmoking mothers whose fathers smoked \>20 cigarettes per day had a mean deficit of 88 g \[[@CR37]\] and an average reduction in birthweight of 120 g \[[@CR38]\]. Previous reports from Italy \[[@CR39]\] and India \[[@CR40]\] also suggest significant associations of paternal smoking on birthweight. Our findings, those fathers who smoked \>20 cigarettes/day had a higher risk of getting LBW infants and shorter at gestational age compared with those born to non-smoking fathers, were also in line with the study in Japan \[[@CR13]\]. Amounts of maternal smoking revealed a lower mean birthweight and gestational age as well as a much higher OR of LBW and preterm birth than did the nonsmoking mothers and this association showed a dose-dependent trend. In previous studies, a difference in risk between heavy and light smokers was consistently reported \[[@CR41]\]. Compared with those born to non-smoking mothers, the birthweight notably decreased with advancing number of cigarettes smoked per day: being doubled OR with statistically significance of LBW. These findings are in essentially parallel with the result of meta-analysis by Kramer \[[@CR42]\]. Moore and Zaccaro \[[@CR43]\] also found different risks for different numbers of cigarettes smoked per day, but, in a systematic review and meta-analysis, this relationship was not clear \[[@CR44]\]. Both mother-smokers and father-smokers showed the same effect as contemporary international data \[[@CR2]\]. The effect of father's smoking would appear greater when the women admitted to smoking (presumably truthfully), possibly because if the father smokes, the mother is likely to smoke more heavily \[[@CR38]\]. These facts could perhaps be used to persuade new parents to reduce their smoking.

We furthermore used an analytical approach (Generalized Additive Modelling) that is specifically designed to analyse data when the impact of predictors on the outcome variables are nonlinear. We showed that paternal smoking amount, maternal smoking smoking, and smoking amount in both parents were all closely associated with birth outcomes, except for maternal smoking amount, which was not associated with birthweight and LBW. The sharp decrease in birthweight between 15-50 cigarettes/day and in gestational age between 12-35 cigarettes/day as well as the gradual increased in LBW between 25-75 cigarettes/day and in preterm birth between 1-50 cigarettes/day for smoking fathers and both smoking parents provides a partial explanation that heavy cigarette smoking can endanger unborn babies. The shortened gestational age between 1-5 cigarettes/day and between 20-35 cigarettes/day as well as the modest increased in preterm birth between 1-10 cigarettes/day for smoking mothers also suggest that even a light cigarette smoking can have an outsize effect on the pregnancy duration.

Associations of parental smoking and amount of parental smoking during pregnancy with birth outcomes in urban and rural areas {#Sec13}
-----------------------------------------------------------------------------------------------------------------------------

Our study confirms different detrimental effects on birth outcomes of smoking during pregnancy by different residence. Paternal smoking did not decrease birth weight and did not have any significant influences on the LBW, gestational age, or preterm birth of their children in both urban and rural area. Previous studies have supported our finding \[[@CR17]-[@CR19]\]. The explanation is that fathers may try not to smoke in the presence of pregnant wives thus the newborns or infants do not directly expose from fathers' smoking. It is possible that the average amount of cigarettes smoking per day in fathers were not high enough to observe an effect on adverse birth outcomes in their children. In urban area, the associations between fathers who smoked \>20 cigarettes/day and the smoking amount in both parents \>20 cigarettes/day with birth weight, gestational age, and the risk of LBW and preterm birth were significant; however in rural area, the associations were not significant. The national nutritional surveillance system among more than 175,000 urban slum households reported that paternal smoking predicts an increased probability of short-term and chronic child malnutrition \[[@CR45]\]. The environment condition and social and family networks in urban area such as more densely populated, weaker relationships and interactions of the people, and higher rate of air pollution from vehicles, industry, domestic heating, and cooking sources which exceed the capacity of the cities' natural ventilation systems, more smoke-free environments from public area, may also contribute to adverse birth outcomes in urban area compare to rural area.

Maternal smoking, especially mothers who smoked \>10 cigarettes/day was not significantly associated with birth weight, gestational age, and the risk of LBW and preterm birth in urban area, but the associations were significant in rural area. There was a significant higher percentage of smoking mothers, non-educated mothers, working mothers, low family income in rural area than that in urban area. This is consistent with the nationally representative surveys in Indonesia showed that female adults smoking prevalence was higher in rural areas than the urban areas \[[@CR22],[@CR23],[@CR46]\]. A research study specifically found that women living in rural areas were at significantly increased risk for having preterm and LBW infants \[[@CR47]\]. The higher level of smoking prevalence in rural areas was probably due to the low level of knowledge of the health risks of smoking, less information about smoking hazards, in addition to more poverty and lower levels of educational attainment compared to those living in urban areas \[[@CR48]\]. Women of low socioeconomic status are at increased risk for delivering LBW babies \[[@CR49]\]. Research has shown that poverty, both at the regional and household level, predicts LBW and preterm birth \[[@CR50],[@CR51]\]. Previous studies have revealed that women without a high school diploma are at significantly higher risk of delivering preterm, LBW, and small-for-gestational-age babies \[[@CR51],[@CR52]\]. Low-income families have a tendency to consume a less nutritious diet than other households because they do not consume the recommended amounts of fruit, vegetables, meats, whole grains and low-fat dairy products. Mothers of a low income family feel the need to improve their economy by working. People in rural area are mostly having homogenous profession and depending on agriculture. Despite the beneficial effects of employment on income, mothers who work in strenuous occupations, including those that involve prolonged standing, are at heightened risk for both preterm delivery and having LBW babies \[[@CR53]\]. Occupational exposures to toxic substances and solvents have also been linked to preterm delivery \[[@CR54]-[@CR56]\]. Further, rural women are more likely to be underserved by prenatal and obstetric care that can prevent pregnancy complications \[[@CR57]\]. Unintended pregnancy can lead to poor birth outcomes through its association with risky behaviors such as prenatal smoking and unhealthy weight maintenance, higher prevalence of which have been demonstrated for rural women \[[@CR51],[@CR58]\].

Strengths and limitations {#Sec14}
-------------------------

Numerous studies have demonstrated that maternal smoking and/or maternal exposure to passive smoke during pregnancy is associated with adverse birth outcomes, however further evidences for smoking behaviors by both parents on birth outcomes have rarely been analyzed. There is insufficient scientific research on smoking and health in the Indonesian population. To our knowledge, this study is among the first studies in Indonesia to assess the association of paternal smoking, maternal smoking, and both parents smoking during pregnancy with birth outcomes on their children in urban-rural settings.

The findings of the present study should be viewed with some limitations in mind. First, reports of parental smoking during pregnancy were retrospective. While studies show high reliability in self-reported smoking status \[[@CR59]\], nonetheless, the extent to which under-reporting of smoking status may or may not occur is unknown, thereby introducing some non-differential misclassification bias. Second, birthweight and gestational age were obtained from maternal recall or self-reported rather than hospital birth records. Although maternal recall of birthweight and gestational age seems to be sufficiently accurate for clinical and epidemiological use \[[@CR60],[@CR61]\], the accuracy of self-reported birthweights is less certain. Some mothers were unsure of the date of their last menstruation (perhaps due to period irregularities), therefore they reported their pregnancy duration in months without detailed information about its weeks. Previous studies have reported a poor degree of correspondence between birthweights recorded in official records and self-reported birthweights \[[@CR62]\]. Third, the dissemination of information on adverse consequences of smoking may have discouraged some mothers or fathers from disclosing it. It is likely that many mothers or fathers who smoked claimed to have stopped smoking. Lastly, the information about father's education, maternal employment status, parental BMI, household income, and residence were obtained after the child was born. Socioeconomic and lifestyle change as well as urban-rural migration, however, may have influenced our findings to some extent.

Conclusions {#Sec15}
===========

A significant reduction in birthweight and gestational age, as well as an increased risk of LBW and preterm birth were found to be associated with maternal smoking and the heavy amount of parental smoking. Smoking cessation/reduction should be advised to pregnant women to reduce morbidities in their neonates. In urban areas, there continues to be a clear need for health care professionals to counsel both smoking expectant mothers with smoking spouses, especially when their husbands smoked \>20 cigarettes/day regarding the adverse consequences of smoking during their pregnancy and offer behavioral counseling. Not only does maternal smoking during pregnancy, directly and indirectly, influence the well-being of the children (from fetal stages through young adulthood) but also has key health consequences for the expecting mother.

**Competing interests**

The authors declare that they have no competing interests.

**Authors' contributions**

Both authors contributed to drafting the manuscript, read and approved the final manuscript. HA conceived and design the study, carried out the statistical analyses, and wrote the paper. HWK contributed to conception and design of the study, analyses and interpretation of data, reviewing the draft, and has given final approval of the version to be published.

We are very grateful to *Lembaga Demografi* (LD) of the University of Indonesia and RAND Corporation for providing us with the IFLS data. The authors address many thanks to Prof I-Feng Lin, Director of Biostatistical Consultation Center, National Yang Ming University for her support in statistical analyses. This project was partially supported by funding from International Health Program of National Yang Ming University for their scholarship. The funder had no role in any aspect of the analysis or drafting, review, or approval of the manuscript.
